Introduction
Over the last decade, the Federal Institute for Geosciences and Natural Resources (BGR) carried out several airborne geophysical surveys in Northern Germany (Siemon et al., 2004; Siemon, 2006; Wiederhold et al., 2008) . Some of them were conducted in cooperation with the Leibniz Institute for Applied Geophysics (LIAG) in 2008 and 2009 (Wiederhold et al., 2010) . The BGR project D-AERO combines the results of all surveys available. In this paper, the airborne results of six connected survey areas at the estuaries of the Weser and Elbe rivers are shown (Figure 1 ).
Figure 1 BGR airborne geophysical survey areas in Northern Germany. Six of them flown from 2000 to 2010 are combined to the Weser-Elbe survey area (dashed red line).
One aim of the BGR/LIAG project is to create a reference data set for monitoring climate or manmade induced changes of the salt-water/fresh-water interface at the German North Sea coast, since the problem of groundwater salinization is becoming increasingly important within the context of groundwater extraction and treatment and, thus, a latent risk for the sustainable use of aquifers exists particularly in coastal areas. Another aim is to build up a data base (http://www.geophysicsdatabase.de/) containing all airborne geophysical data sets.
Airborne Geophysics
The helicopter-borne system operated by BGR enables simultaneous measurements of three geophysical methods: electromagnetics, magnetics, and gamma-ray spectrometry (Eberle and Siemon, 2006) . The electromagnetic and magnetic sensors are housed in a 10 m long tube, which is towed by a Sikorsky S-76B helicopter on parallel flight lines about 30-40 m above ground level. The spectrometer is installed in the helicopter which is flying about 70-80 m above ground level. The transmitter signals of the HEM system, the primary magnetic fields, induce eddy currents in the subsurface which depend on the electrical conductivity distribution. The relative secondary magnetic fields from these induced currents are measured at the receiver coils in parts per million. The use of different frequencies enables the investigation of different depths as high frequencies resolve the shallower parts of the subsurface and low frequencies the deeper parts. The depth of investigation depends also on the subsurface conductivity distribution as high conductivities constrain the penetration of the electromagnetic fields into the subsurface (Siemon et al., 2009) . Typical maximum investigation depths range from about 30 m in salt-water saturated sediments to about 150 m in fresh-water saturated sandy sediments or hard rocks (Siemon et al., 2012) . The earth's magnetic field and the natural gamma radiation of the earth's surface recorded in addition to the electromagnetic fields are normally used to interpret the structure of the earth's crust and the mineral composition of the shallowest soil layers, respectively. The joint interpretation of these data sets supports three-dimensional modelling of the subsurface and is also used as a basis for planning and activities in many environmental and economic disciplines, e.g. for regional planning, development of water utilization and water protection concepts.
Results
The in-phase and quadrature components of the measured secondary magnetic fields are converted to resistivity (inverse of conductivity) models (Sengpiel and Siemon, 2000) . Apparent resistivity ρ a [Ωm] and centroid depth z*[m] values are derived from the data of each single frequency (f) based on a homogeneous half-space model (Siemon, 2001) . Figure 2a shows the apparent resistivity map of the Weser-Elbe area derived from HEM data at about f = 2 kHz. Although the diverse HEM data sets have not been jointly reprocessed (only re-gridded) the apparent resistivities are very consistent. High conductivities and resistivities are coloured red and blue, respectively. It is obvious from Figure 2a and Grube et al. (2000) that the HEM results reveal salt-water saturated sediments close to the estuaries of the Weser and Elbe rivers. The somewhat elevated moraines, which consist of mainly coursegrained sediments, appear -typical for fresh-water saturated sands and gravels -resistive. Yellow colours indicate resistivities typical for coarse-grained sediments saturated with brackish water or fine-grained sediments such as clay or till saturated with fresh water. The more or less linear structures are caused by buried glacial valleys refilled with clayey sediments (Siemon et al., 2004) and the circular structure near Elmshorn correlates with a shallow salt dome. Man-made features often appear highly conductive such as the dumpsite to the northwest of Stade.
The anomalies of the earth's magnetic fields of the Weser-Elbe area only show a regional magnetic low caused by the North German Basin (Gabriel et al., 2012) and, of course, man-made features. A high-pass (cut-off wavelength: 5 km) filtered version of this data, however, reveals -after erasing all data affected by man-made features -a number of linear structures (Figure 2b ) which often correlate with buried valleys, e.g. close to motorway A27, between Oste and Elbe rivers, and between A23 and A7. This typical signature consists of a pair more or less parallel and elongated magnetic highs and a magnetic low in-between. The peak-to-peak values are only a few nT.
The radiometric data show similar results in all standard channels (K, U, and Th). Therefore, it is sufficient to present the potassium concentration. Rather high concentrations (red colours) occur in the marshes which are dominated by clayey soils, whereas the sandy moraines and the wetlands show low (green) or about no (blue) potassium concentrations, respectively. Areas where till exists correlate with slightly higher concentrations (yellow). 
Conclusions
Airborne geophysical surveys enable huge areas to be surveyed almost completely in a relatively short time at economic cost. The results can generally be used for geological and hydrogeological mapping. Particularly the data sets collected by airborne electromagnetic surveys are important for geological or hydrogeological interpretation as the parameter surveyed, the electrical conductivity, depends on both lithology and groundwater status. Thus, the distribution of sandy and clayey sediments as well as salinization zones and fresh-water occurrences down to depths of the upper hundred metres could be revealed from HEM data. These results are supported by airborne magnetic and radiometric data, which are generally simultaneously acquired. The magnetic data reveal both deep sources (several kilometres) caused by the North German Basin and shallow sources (several tens of metres) obviously caused by lateral changes of Quaternary and Tertiary sediments. The radiometric data indicate the various mineral compositions of the soil sediments.
